Microbial transformation of (؉)-isomenthol (1) by various strains of fungi was investigated. Fusarium lini has successfully converted compound 1 into a new metabolite, 5a a-hydroxyisomenthol (2), and a known metabolite, 1a a-hydroxyisomenthol (3), whereas incubation with Rhizopus stolonifer only yielded metabolite 3. The transformed metabolites were structurally characterized on the basis of their spectral data.
Terpenoids are widely distributed in the plants and known to posses a range of biological activities. Biotransformations of various classes of terpenoids have been extensively studied. [1] [2] [3] [4] (ϩ)-Isomenthol (1), a monoterpenoid, is a major component of the essential oil of Mentha fruticosa, and also found in the peppermint oil, along with other isomers of menthol. 5, 6) Isomers of menthol and their derivatives are widely used in organic synthesis as starting materials 7, 8) and as chiral auxiliaries. [9] [10] [11] They are also been frequently employed as flavors and as drugs in medicinal preparations. In the last few decades, preparation and biological activities of hydroxy derivatives of menthol have been extensively pursued. [12] [13] [14] Various oxidized derivatives of isomenthol (1) were obtained by biotransformation with Aspergillus niger, 15) Rhodococcus sp. 16) and Rhizomucor miehei. 17) During the present study, biotransformation of 1 was reinvestigated and discovered that Fusarium lini and Rhizopus stolonifer are also capable to metabolize compound 1 into its hydroxylated analogs 2 and 3.
Results and Discussion
Fermentation of (ϩ)-isomenthol 1) with Fusarium lini for 8 d has yielded a new metabolite 5a-hydroxyisomenthol (2) along with 1a-hydroxyisomenthol (3), whereas incubation of 1 with Rhizopus stolonifer yielded only compound 3 (Chart 1). Compound 3 was earlier reported by transformation of isomenthol (1) with Aspergillus niger 15) and obtained for the first time by the incubation of 1 with F. lini and R. stolonifer. It shows that C-1 of isomenthol (1) is preferentially oxidized by all three fungi but hydroxylation at C-5 is first time observed. The transformed metabolites were structurally characterized by their spectral analysis.
Compound 2, identified as 5a-hydroxyisomenthol, was obtained as colorless needles. The M ϩ in high resolutionelectron ionization-mass spectra (HR-EI-MS) was found to be m/z 172.2645, corresponding to the formula C 10 H 20 O 2 (Calcd 172.2676). The IR spectrum of compound 2 displayed an absorption at 3355 cm Ϫ1 (-OH group). Its 1 H-NMR spectrum (Table 1) exhibited an additional downfield methine signal at d H 3.54 (dt, Jϭ10.6, 4.3 Hz), indicated it to be a hydroxyl derivative of substrate 1. The 13 C-NMR spectrum of compound 2 (Table 1) 
15)

Experimental
General Column chromatography (CC): Merck silica gel 60 (70-230 mesh) TLC: Merck silica gel GF 254 (0.25 mm); detection by vanillin reagent. All reagents used were of analytical grades. Prep. Recycling HPLC with C-18 column (YMC Pvt. Ltd., U.S.A.) at appropriate flow rates using various combinations of MeOH and H 2 O. M. points: a micromelting point apparatus (Yanaco MP-S3).
[a] D : JASCO DIP-360 digital polarimeter. UV spectra: a Hitachi U 3200 spectrophotometer; l max (log e) in nm. IR spectra: JASCO A-302 IR spectrophotometer; in CHCl 3 on KBr discs; in cm
Ϫ1
.
1 Hand 13 C-NMR spectra: on Bruker Avance: at 400/100 MHz; respectively, d in ppm referenced with respect to the residual solvent signal of CDCl 3 , coupling constants J in Hz. Mass spectra: a double-focusing mass spectrometer (Varian MAT 311 A); high-resolution electron impact mass spectra (HR/EI-MS) with a Jeol HX 110 mass spectrometer; in m/z (rel. %).
Fungi and Culture Conditions Stock cultures of the fungi Fusarium lini (NRRL 68751) and Rhizopus stolonifer (TSY 0471) were stored on SDA (Sabouraud Dextrose Agar) medium at 4°C. All preliminary screening experiments were performed by a two stage fermentation procedure in a medium consisting of glucose (10 g), peptone (5 g), KH 2 PO 4 (5 g), yeast extract (5 g), glycerol (10 ml), and NaCl (5 g). The media was adjusted to pH 6-7 before sterilization by autoclaving at 121°C for 15 min. Incubations were initiated by suspending the surface growth from slants in sterile medium and using the suspensions to inoculate stage I cultures. Cultures were incubated with shaking on a shaker. After 2 d of incubation in the above-described medium, stage I culture was used as inoculums for stage II culture. Compound 1 was added to each flask after 2 d. Culture controls were consisted of fermentation blanks in which microorganisms were grown under identical conditions but without substrate. Substrate controls, consisted of sterile medium containing the same amount of substrate, were incubated under the same conditions. The fermentations were sampled for TLC analysis on each day by harvesting one flask, mycelia were filtered, washed with chloroform, and broth thus obtained was extracted with chloroform. The organic layer was spotted on TLC plate and transformations were observed.
Microbial Transformation of (؉)-Isomenthol (1) by Fusarium lini (NRRL 68751) Fusarium lini was grown in thirty 250 ml conical flasks, each containing 100 ml of medium. (ϩ)-Isomenthol (1) (200 mg in 10 ml of acetone) was evenly distributed among 30 flasks, containing stage II cultures of the fungus. The cultures were incubated on a rotator shaker at 29°C for 8 d. The incubation mixture was filtered and extracted with chloroform. The combined extracts were dried over anhydrous Na 2 SO 4 , and the solvent was evaporated to give 292 mg of brown residue. The crude residue was chromatographed on silica gel column, eluted with EtOAc/hexane and the transformed metabolites 2 (35 mg) and 3 (72 mg) along with substrate 1 (28 mg), were finally purified by preparative recycling HPLC, using 1 : 1 mixture of MeOH/H 2 O.
Microbial Transformation of (؉)-Isomenthol (1) by Rhizopus stolonifer (TSY 0471) Rhizopus stolonifer was grown in thirty 250 ml conical flasks, each containing 100 ml of medium. Isomenthol (1) solution (200 mg in 10 ml of acetone) was evenly distributed among 30 flasks containing stage II cultures of the fungus. The cultures were incubated on a rotator shaker at 29°C for 11 d. The mixture was filtered and extracted with chloroform. The combined extracts were dried over anhydrous Na 2 SO 4 , and the solvent was evaporated to obtain 287 mg of brown residue. The crude residue was chromatographed on silica gel column and eluted with EtOAc/hexane to obtain the transformed metabolite 3 (87 mg), along with the substrate 1 (64 mg). 5a-Hydroxyisomenthol (2) 
